Under solvent-free conditions and in one-pot, a series of 2-amino-4-aryl-3-cyano-6-(3,4-dimethoxyphenyl)-pyridines and 4-aryl-3-cyano-6-(3,4-dimethoxyphenyl)-2(1H)-pyridinones were prepared using 3,4-dimethoxyacetophenone, an aldehyde, malononitrile (or ethyl cyanoacetate), and ammonium acetate in the presence of 3-methyl-1-(4-sulfonylbutyl)imidazolium hydrogen sulfate [HO 3 S(CH 2 ) 4 MIM][HSO 4 ] (a Brønsted acidic ionic liquid) as the catalyst in very short reaction time. The preference for the formation of more stable tautomers was consistence with the theoretical calculation using the Gaussian 03 program at the B3LYP hybrid density functional level.
Introduction
Pyridine derivatives have occupied an unique position in medicinal chemistry. Besides many naturally occurring pyridines, several synthetic derivatives show interesting biological activities. For examples, 2-amino-3-cyanopyridines have antibacterial, 1 antimicrobial, 2,3 antifungal, 4 and cardiotonic 5 activities. They are also found to be selective IKK-β serine-threonine protein kinase inhibitors. 6 On the other hand, 3-cyanopyridinone derivatives have antineoplastic,
7
PDE3 inhibitory, 8 cardiotonic, 5, 9 and colon tumor cell growth inhibitory 10 effects. During past three decades, many synthetic methods have been used for the preparation of these 3-cyanopyridine, 1-6,11-14 and 3-cyanopyridinone derivatives. 5, 7, 9, 10, [15] [16] [17] [18] As part of our efforts towards the development of synthetic methodologies, [19] [20] [21] [22] [23] [24] [25] [26] [27] here we report our investigation on the application of 3-methyl-1-(4-sulfonylbutyl)imidazolium hydrogen sulfate [HO 3 S(CH 2 ) 4 MIM]- [HSO 4 ], a Brønsted acidic ionic liquid as a reusable catalyst, 28 for the synthesis of 3-cyanopyridines and 3-cyanopyridinones in high yields. For these syntheses, a mixture of 3,4-dimethoxyacetophenone, different aldehydes, malononitrile (or ethyl cyanoacetate), and ammonium acetate (a multicomponent reaction) was used in solvent-free conditions. Moreover, theoretical calculations were performed at the B3LYP hybrid density functional level using the Gaussian 03 program to predict the more stable tautomers. Geometries of tautomers were optimized at 6-31+G(d,p) basis sets. The calculated frequencies have no imaginary vibrational frequency, indicating that the optimized geometries are reasonable and reliable. These results are also presented here.
Experimental
All chemicals were commercially available and used as such. The Brønsted-acidic ionic liquid [HO 3 S(CH 2 ) 4 MIM] [HSO 4 ] was prepared using a literature method.
28 Melting points were recorded on an electrothermal type 9100 melting point apparatus. The IR spectra were obtained on a Shimadzu spectrophotometer as KBr disks. The 
H-NMR (500 MHz) and

13
C-NMR spectra (125 MHz) were recorded on a Bruker DRX500 spectrometer. Mass spectrum was recorded on a Finnigan-MAT 8430 mass spectrometer operating at an ionization potential of 70 eV.
General Procedure for the Synthesis of 2-Amino-4-aryl-3-cyano-6-(3,4-dimethoxyphenyl)pyridines B1-B5 and 4-Aryl (or alkyl)-3-cyano-6-(3,4-dimethoxyphenyl)-2(1H)-pyridinones D1-D5. A mixture of 3,4-dimethoxyacetophenone (2 mmol), an aldehyde (2 mmol), malononitrile (or ethyl cyanoacetate) (2 mmol), ammonium acetate (16 mmol), and [HO 3 S(CH 2 ) 4 MIM][HSO 4 ] (10 mol % based on the aldehyde) was heated on the oil bath at 150 °C for a few minutes. After this time, the reaction mixture was cooled to room temperature, and cold ethanol was added. The crude product was collected and recrystallized from ethanol to give compounds B1-B5 and D1-D5 in high yields.
Computational Methodology. All calculations were performed at the B3LYP hybrid density functional level using the Gaussian 03 program. Geometries of tautomers were optimized at 6-31+G(d,p) basis sets. 
Results and Discussion
2-Amino-4-aryl-3-cyano-6-(3,4-dimethoxyphenyl)pyridines were synthesized using the known method 11 (Scheme 1). The optimum conditions for using the catalyst [
, temperature, solvent, and time were investigated. A model compound (4-chlorophenyl derivative) was prepared using different conditions. As shown in Table 1 and 2, the best result was obtained in a solvent-free condition and 150°C using 10 mol % of catalyst. Several compounds were synthesized using the optimized conditions. The results were presented in Table 3 . In all cases, tautomers B were the only observed products.
In a similar manner, several 4-aryl(or alkyl)-3-cyano-6-(3,4-dimethoxyphenyl)-2(1H)-pyridinones are also preparScheme 1. Synthesis of 2-amino-4-aryl-3-cyano-6-(3,4-dimethoxyphenyl)pyridines. The yields were calculated based on 4-chlorobenzaldehyde and refer to the pure isolated product. The yields were calculated based on 4-chlorobenzaldehyde and refer to the pure isolated product.
ed. In these cases, however, ethyl cyanoacetate was used instead of malononitrile (Scheme 2) and tautomers D are the predominant products (Table 3) .
To compare the stability of the tautomers, theoretical calculations have been performed on each pair of compounds. These calculations showed that tautomers B and D are more stable than A and C, respectively (see Scheme 3). The yields were calculated based on aldehyde and refer to the pure isolated product.
Scheme 2. Synthesis of 4-aryl (or alkyl)-3-cyano-6-(3,4-dimethoxyphenyl)-2(1H)-pyridinones.
Scheme 3. Tautomers which have not formed in these syntheses. This comparison has been made on the basis of the energy level of tautomers (Table 4) as well as the single and double bond lengths in the pyrimidine ring ( Fig. 1 & Table 5-8) . On the basis of this comparison, a more effective resonance seems to occur in the pyrimidine ring of tautomers B and D relative to A and C. The comparison between the energy of tautomers shows that B tautomers are much more stable than A tautomers. In the case of D and C tautomers, the energy differences decrease compared to B and A tautomers, but are still noticeable. The pyrimidine ring in D tautomers shows more effective resonance.
The equilibrium constants between B and A and also D and C using ΔG could be calculated using:
The equilibrium constants related to B A are about 10 , the tautomers D are still predominant (Table 
9).
A plausible mechanism for the formation of compounds B1-B5 is depicted in Scheme 4. We propose that the reactions occur via initial formation of the dicyano olefin I through the Knoevenagel condensation between aryl aldehydes and malononitrile, which then reacts with intermediate II produced from the reaction of 3,4-dimethoxyacetophenone with ammonium acetate, to give the intermediate III, which subsequently undergoes the cyclization followed by air oxidation to afford the desired compounds Table 8 . Some of the dihedral angels (in degrees) for C and D tautomers Angel D Tautomer  C Tautomer   D1  D2  D3  D4  D5  C1  C2  C3  C4  C5 Table 9 . 
